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MsANYITRILNAERT193IATE9 Aflatoxin M, Tuthuadu dewmaia ELISA Tngldwdnnis
Competitive enzyme immunoassay Lﬂuf‘ﬁmaauLﬁamﬂ’ﬁﬂwﬁaumaqmﬁ Aflatoxin %1l
M, Tuthus@u fiunainnssuiumsuaiuelanilusianoveslausuazndeoninmieinug a1y
WUIN9Ve Eurachem/2014 n15USEANAITAINAALUNITASIANMT (Limit of Detection) 111AU
0.004 lulasnsusedns wazlindnnnesn13ingesusunad (Limit of Quantification) 11y 0.010
lulasn3usedns udiilovhnsduduadndidalunisnsiam (Limit of Detection) HaUsINg1
YAINALUNITNTIANT AU 0.010 pg/L wazfnwnsiUsouisunan1silasz Aflatoxin M,
pemAdla ELISA Aumalia LC-MS/MS 911U 10 19819 Lﬁ'aﬁﬂﬂ‘imiwﬁ%ga Inelvaia
Paired t-test U31N31 At < taieal $AAII1 T5039934A5129 Aflatoxin M, Tuthusiu ghe
wafia ELISA wazwada LC-MS/MS Tinafildunndnsiuegneidodidy uietnslsfanumain
ELISA ihufissnsmsadieneidosuriniu annsofusunanmslinssiiadnuninuagids
Usnaudewmnaia HPLC-FLD sidewmaila LC-MS/MS st S8naaeuiivanniui awnseuiluly
Tunsfiguiimnaldldvesitvaaeuluisfu feweda ELISA seluld
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Method development of Screening method of Aflatoxin M, in raw milk
by ELISA technique
Ramida Luengprasert Naovarat Kampoosiri Nipatthra Phromma-in

Mangtan Oswong Wisumon Bangmeaung

Abstract

A study aims to develop a screening method of Aflatoxin M, in raw milk by ELISA
technique (Competitive enzyme immunoassay). The Aflatoxin M; was produced from
metabolite process in dairy cows and secreted through milk. According to
Eurachem/2014, The estimating limit of detection and the estimating limit of
quantification were 0.004 pg/L and 0.010 pg/L respectively, while the limit of detection
was 0.010 pg/L in the practical. The comparison study between ELISA and LC-MS/MS
technique for 10 samples was found that the results from both techniques have no
difference with significant when evaluating with paired t-test (Statistic data analysis: ty: <
taiica)- However, the ELISA technique is just a screening method. Both qualitative and
quantitative analysis can be confirmed by HPLC-FLD or LC-MS/MS techniques. Therefore,

the method validation can be continued in further.
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unin

asfuina1ndo37 (Mycotoxins) Ae @nsiusssumanadrsanidest nmsduitouin
Aedulundananinisinens Lﬁm%ulé’éy’qLLﬁ%umauﬂWiLWWzﬂgﬂ Asfiuies nsiusne was
nsyuIunsHan WenuniednsldsuasiivanidestdluuiluusinalssfinliiAnonisiv
(Mycotoxicosis) ~ ansuiiluiisdnuiniian Ae ogwamendu \Huasivitadrsdulaoites
Aspergillus flavus waw Aspergillus parasiticus GenuldmusssumPndluRuLazoIne flag 4
win laun eznamendud, (AFB,) evwamendul, (AFB,) aznamendud, (AFG,) Lay agwan
NONTUI, (AFG,) (8Aiwg, 2562) a‘fm%’uamwﬁmmzudmm%iymaqL%jaw,ﬁaa%ﬁamiazWaman
Fu ldun gungilutng 25-35 °C Tuanniznsn anududuimssening 83% e 88% dlavy Ly
wunii@ou dangd wazunasanfueu 1wu nglea glasa wievgnleaifiunumdifylunig
fFupsgviornamendu (Seid and Mama, 2019)

wananaznuezrlavenduldlundanan1ansinens Wi 919lne §28as 91ad e &4
annsanuldluiuauasndndaeiuadngae Tnsvisveseswamendudinuldlutu fe szwan
nonTudy; (AFM,) Wuaseyiusainunivedduveseznamvendud, (AFB,) tnsteuludniely
waduvedauniiuilnaensdnififnisuudeu ArB, 1ly visdugnazaslusianig vnsdan
gniUBeNaNINIENIegITE Jaanay uasnisinuu (sdunsiagaiian, 2545) Fsnrsuuwilleu

AFM, Tuiuy dawansenuseauninvesiuslaaiuulaense
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PINATDNBIMUVDANUAVBINIL Commission regulation (EC) No 1881/2006 of 19
December 2006 way Codex Alimentarius International food standards lafin1sA1uuman

Maximum level (ML) va3 AFM, Tuthua fananslunisisil 1 uas 2

miw‘ﬁ 1 Maximum levels for certain contaminants in foodstuffs

Mycotoxins (European Commission, 2006)

Section 2 Mycotoxins

section 2

Foodstuffs ()

Maximum levels (ug/kg)

21

Aflatoxins

By

Sum of By, B,
Gy and G,

My

211

Groundnuts to be subjected to sorting, or other physical
treatment, before human consumption or use as an ingredient
in foodstuffs

800)

15,0 ()

212

Nuts to be subjected to sorting, or other physical treatment,
before human consumption or use as an ingredient in food-
stuffs

500)

10,0 ()

213

Groundnuts and nuts and processed products thereof, intended
for direct human consumption or use as an ingredient in food-
stuffs

200)

40 ()

21.4

Dried fruit to be subjected to sorting, or other physical
treatment, before human consumption or use as an ingredient
in foodstuffs

10,0

215

Dried fruit and processed products thereof, intended for direct
human consumption or use as an ingredient in foodstuffs

20

4,0

216

All cereals and all products derived from cereals, including
processed cereal products, with the exception of foodstuffs
listed in 2.1.7, 2.1.10 and 2.1.12

2,0

4,0

217

Maize to be subjected to sorting or other physical treatment
before human consumption or use as an ingredient in food-
stuffs

10,0

218

Raw milk (%), heat-treated milk and milk for the manufacture of
milk-based products

0,050

ms’]\‘l‘ﬁ 2 Maximum level of Aflatoxin M; in milks (Codex, 2023)

CXS 193-1995 42
AFLATOXIN M4
Reference to JECFA: 56 (2001)
Toxicological guidance value: Cancer potency estimates at specified residue levels (2001, Using worst-case assumptions, the additional risks for
liver cancer predicted with use of proposed maximum levels of aflatoxin M+ of 0.05 and 0.5 pg/kg are very small.
The potency of aflatoxin M1 appears to be so low in HBsAg- individuals that a carcinogenic effect of M1 intake in
those who consume large quantities of milk and milk products in comparison with non-consumers of these products
would be impossible to demonstrate. Hepatitis B virus carriers might benefit from a reduction in the aflatoxin
concentration in their diet, and the reduction might also offer some protection in hepatitis C virus carriers).
Contaminant definition: Aflatoxin M+
Synonyms: AFMq
Related code of practice: Code of Practice for the Reduction of Aflatoxin B in Raw Materials and Supplemental Feedingstuffs for Milk
Producing Animals (CXC 45-1997)
Commodity/ Maximum level (ML) Portion of the commodity/
Product n'::m ualkg ) Product to which the ML apilies Notes/Remarks
Milk is the normal mammary secretion of milking animals obtained from
. . one or more milkings without either addition to it or extraction from it,
Milks 05 Whole commodity intended for consumption as liquid milk or for further processing.
A concentration factor applies to partially or wholly dehydrated milks.
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BAmsnzel AFM, ndnqlaeialu Tud 33vnelasunlans @ (Chromatography) uaz3s
n198uyluiall (Immunochemical) dmiuinaila Enzyme-Linked  ImmunoSorbent  Assay
(ELISA) 1{uAsneBaluiadl Gadiu Rapid screening test Tofuas ELISA fip nrunalia awisa
AnnwidsUmaluied el Analyte Usinasald wazsimgnnindeifisudiuismalasin
Imﬂiﬂ%"’ﬂ%’mﬂﬁﬂ/m%aﬁa%uqq W HPLC-FLD, LC-MS/MS

MsAnwluadaiidunsiauisnmatlesedt Aflatoxin M, Tudhuudv éf’wmwﬁﬂ
Enzyme-Linked ImmunoSorbent Assay 3@ ELISA wieldlunisiiliseTausunas AFM, fianany
I8lushegnmhunivresaundnluiuiion 1 amsulséﬂumﬁﬂswiqLLa“wwmﬂmmwmaamumu
mold

\n3asile gunsal asiaTinazansuInsgIu
1. Lﬂ%@ﬂ@ﬂﬁiﬂﬂﬁﬂiazawa U9 100 pL wag Tips
2.Lﬂ%mmﬁiwa’ﬁazmaﬁmiuﬁa 5 mL wag Tips
3. Lﬂ%a@mﬁiwmiazmaé’ﬂuﬂa YUIN 8 U
\A3aaNENATSazay (Vortex Mixer)
ssstunisannnzneu (Centrifuge)
wssstuissmnaznauawindn (Microcentrifuge)
\A3BanIuasarans (Stirrer) way Magnetic bar
\3esdnadlagiman (ELISA Washer)

0 00 N o bk

LmaamuﬂQﬂimuuimimmam (Microplate Reader)

10. Spatula

11. Centrifuge tube VU™ 15 mL

12. Parafilm

13. axgiioumaed

14. ganaeau Plus Aflatoxin M; Fast ELISA Qe Europroxima

F/Atung
NITLAILUAIDES
srugiviiulduilnduidedeaty  (Homogeneity) Inein3osniuaisazans

(Stirrer) 1w 30 WiTt e ntiu Tasegraiusivaddunase Centrifuge Y3193 5 mL uay
ddnesosdumismnasnou feusavuin 2000xg 9auuQil 4 °C W 10 u1¥ 14 Spatula Fna
lusfufiaevegiuuueen uazgaansazasdIuans (Defatted milk) Usums 100 pL Tdadlu 96-
well plate
N15LA38Y Reagent

1. Sample dilution buffer TiliTigaungiivios uaznauliidriuagiouss fae vortex mixer

2. Rinsing buffer (é\’aqm%'aﬂmiwﬂﬂ%’jam%’mu) W3 rinsing buffer: Yindulusnsidu
1119 19 FoensieIenUsIms 50 mL axdeway rinsing buffer Usums 2.5 mL fu windu
USums 47.5 mL uaznanlmaniu
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3. Conjugate solution (éfaﬂm%ﬂ%ﬁwr]ﬂ%ﬂm%}mu) spin  down %70 vial ‘ﬁ‘U'ﬁ'iﬁ;
conjugate solution #IBUsITUIA 1000xg WU 1 WIFt sewpTestuwisannagnauuiadn a0
Hule conjugate solution Us11AT 50 pL wazldn dilution buffer UAUININT 5 ML uazNau
Todniu

4. Substrate solution Ypaninasialilufifinfigamafives uasnaulidnfunouldny
N159LAT1ZNADE

1. Uwn Zero standard (H1, H2, A1, A2), Standard solution wagsageaslunquusunng
100 L
Uaniin plate f1e parafilm wazlEn 2 - 3 W AaY shaker
Ul plate Aigaumgdl 20 - 25 °C w30 WFiluiiln
thansazanglu plate eonuardesae Rinsing buffer 3 A%q
Uin Conjugate Usums 100 pL adluvnugu enviuvgy HL wag H2
Uaniin plate fe parafilm wazlEn 2 - 3 WAL shaker

Uy plate Aigaumgdl 20 - 25 °C w15 Uiiluiiiln

O N o U1k

ihasazanelu plate 9onLaza19ie rinsing buffer 3 A
9. UiUn Substrate solution Usu1ms 100 pL aslunnvayu wazuy plate Nigaumgil 20 - 25 °C

Y

U 15 Wil
10. iy Stop solution UsuIms 100 pL asluynvay
11. Eimﬁhmi@mnﬁuumﬁﬂmEmﬂ?alu 450 UlULUAS
12. JufinuauasAmuIMIASITiRanadauy
A158574 Standard curve
ilenaaeu Sensitivity  vaaganaaey ¥ldlneinAinsgandunasil 450 nm v
asaraneunspIuissiunIdutusine fifleglugavageu (Standard solution) fafl 0, 6.25,
12.50, 25, 50, 100 tay 200 pg/mL Pt Aldumaenng
MvuAlA W X AB SEAUANLLTNTURI YasansasaslInsg Iy (logarithmic X-axis)
WAUY AR 8AYeIAINITAANAULAIYRIAI0E1HBAINITAANAULAIYDY Blank
(%B/By)
dlowasansmleenun AIsiiA1 Determination of determination (R) 11nn31 0.995
wavansavntswesn1slduldatnyiswes Standard curve dudunss
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n1sUsTuNuAn Limit of Detection (LOD) wag Limit of Quantification (LOQ) w2935

NAGDY
AATIER Sample blank 91U 10 91 KAZAIUIUNIAIAIULTUTUTDILARZLIDIN

Standard curve WiamAmaay wazinluaunuAIAMuNTuLAazEn (Corrected value) a1nTU
MAEIUTELULIATIINVDIATQNLA (Sp) lNBAWIUM So” 3N

We  n A UIUNSIngaae
A

N, AD INUINYBINTIALUAIATILIATLIEUALA

AWIUMA1 LOD Uag LOQ ve33inaaauy Ingans

LOD = 35’
LOQ 10S,’

N158UGUAT LOD Ya3yanagau

#1133 Reagent  blank  §1uu 10 91 ilewen Mean+3SD  wazimey Fortified
sample 1ilszsuvos Aflatoxin M, wihfusn LOD #ifuaadld uazyinisnagey sauau 10 7
Tnedosiinanagausiiu False negative < 5%
nsilIeuLisuIsnagaussndnamalia ELISA Aumalia LC-MS/MS

Ansifiognsiuufudiemaie ELISA wagwadia LCMS/MS  uagiinsiesideya
(Data Analysis) feTuswnTy Microsoft excel Inaldadf t-test: Paired Two Sample for Means
lngnsuUsuan1sineiteyala il

A e < T MERSIN AaMaEe U 2 RTTNaTluANANsTuR T dn e U

1Y

- AN e > toitial WERSIT ADNAABUIY 2 5 NATILANANSA U1 TEE Ay
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n1sUsTuNuAn Limit of Detection (LOD) wag Limit of Quantification (LOQ) w2935

NAgiau

NENT1INN&BY

MNNTIATIER Sample blank 911U 10 91 TARALEAIRINITIN 3

aada 6

AN5199 3 LEAINISUSTINaAT LOD, LOQ 1a9i83bAs12% Afl

atoxin M, Tuthuuau aewaiia ELISA

Replicate Concentration (ug/L) Corrected value (ug/L)

1 0.0069 -0.0008

2 0.0077 0.0000

3 0.0076 -0.0001

4 0.0079 0.0002

5 0.0082 0.0005

6 0.0065 -0.0013

I 0.0068 -0.0009

8 0.0105 0.0028

9 0.0076 -0.0001

10 0.0078 0.0001

X 0.0077

S 0.0011

Sy’ 0.0011
LOD 0.0034 = 0.004
LOQ 0.0112 = 0.010

INANTAIUIUAULUINTGYBS Eurachem (2014) TAINNAVBINITATIINT (LOD) 8938
NAgOU HANYVINAY 0.004 pg/L WazdnINNRTeINITIALTIUSHIM (LOQ) HAvNAY 0.010 pg/L &3

aunsathaswnlaldduiuimislunis Fortified Sample TudunaunelUls
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n158uduAT LOD Ya3yanasay

1n15IAA1 Absorbance ¥89 Reagent blank (Zero standard solution) 97u7u 10 8
LARINARINANSIST 4

a519T 4 %’aaﬂamﬁm Absorbance U89 Reagent blank

Replicate Absorbance
1 2.330
2 2.262
3 2.206
q 2.252
5 2.269
6 2.219
7 2.336
8 2.431
9 2.264
10 2.240
mean 2.281
SD 0.067
3SD 0.202
mean+3SD 2.483

Tudunoud 1vhns Fortified sample Tiiszduanududuminiu adasrinnisnsaanm
Adnuanild 9nde 9.1 usdfwy False negative 1A 5% ety afiussiuaududulunis
%1 Fortified sample tJu 0.010 pg/L fawansuafildnunisnadl 5 wudn A1 Absorbance W3 10
g1 lalflAlaunnnin Mean+3SD w9 Reagent blank winiu 2.483 mnumnsneit ¢ (liwu False
negative) Lﬁaﬂmﬂ sqﬂwﬂaauﬁi%’ﬁwawué’aawé’ﬂﬂW'i Competitive enzyme immunoassay (A314
Wudures Analyte 110 ygasfienulden Tunsndutudlomnududuves Analyte  voe
Fynyauionulage) ety adasrialunisasiant deaddliiAudnadedyyiaiitalden
Reagent blank fiszffunadosiu 99.7% (Mean+35D) dviu Fsagulddh asriavasnisnsiam
(Limit of Detection) Ay 0.010 pg/L
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15197 5 Toyan1sia Absorbance vesunifing Fortified sample 71 0.010 pg/L

Replicate Absorbance
1 2.368
2 2.354
3 2.351
4 2.390
5 2.293
6 2.433
7 2.415
8 2.357
9 2.358
10 2.201

n1snsilIeuieuisnaaausenitanaila ELISA Auwmalia LC-MS/MS
yhmsrusadoyanaliasedt Aflatoxin M Tuiuuduilévis 2 38 $1uau 10 Hed
Ignadiemnseil 6
AN5199 6 LamsaMTIRTIEN Aflatoxin M, Tudusiudemaiia ELISA wavnalia LCMS/MS

Sample Concentiation of Aflatoxin M, Concentratlon of Aflatoxin M,
lagwnaila LC-MS/MS (pg/L) Taewaiia ELISA (ug/L)
1 0.0140 0.0151
2 0.0120 0.0095
> 0.0042 0.0059
‘ 0.0096 0.0072
5 0.0080 0.0057
6 0.0120 0.0139
! 0.0070 0.0063
8 0.0160 0.0131
9 0.0034 0.0028
10 0.0350 0.0541
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WievinsiAs1eveya (Data Analysis) Aaglusunsy Microsoft excel laglyads
t-test: Paired Two Sample for Means NaL@nIn1uAI5199 7
M19199 7 wanen1sInssviRatayamelusknsy Microsoft excel tngldadia t-test: Paired Two

Sample for Means

t-Test: Paired Two Sample for Means

LC-MS/MS (ug/L)  ELISA (ug/L)

Mean 0.01212 0.01334885
Variance 8.11573E-05  0.000221077
Observations 10 10
Pearson Correlation 0.969437474
Hypothesized Mean Difference 0
df 9
t Stat -0.59589502
P(T<=t) one-tail 0.282963984
t Critical one-tail 1.833112933
P(T<=t) two-tail 0.565927968
t Critical two-tail 2.262157163

mami‘imiwﬁ%aﬂaﬁlé’ AD AN tam < T WEMSIT N1TMTIDINATIEY Aflatoxin M, Tu
dhugiiu freweila ELISA way LOMS/MS  Iinaiiliunndnsiusgraiitodidey sgrslsinna
wmada ELSA  Jutfieenisesiaiesisdilesdumindu msinistudunanisinsieiinada
ANMLaELTIUTINAMEImAllA HPLC-FLD viSamatla LC-MS/MS sald

dgunaniInnaag

INHAMSANIINAILNITATIT3LAT 129 Aflatoxin M, Tutiuuiiu dremeda ELISA wuin
INAITANUIUANLUINIGBY Eurachem (2014) Ynd1inv0In130539% (LOD) Ue935nadeu i
AU 0.004 pg/L wazdnsafnuesnsTadeuiung (LOQ) FAWinfu 0.010 pe/L wiiarinis
nagauiledusuATnsialun1snsiav (Limit of Detection) vadianadeu fianviifu 0.010
ug/L Imafﬂmﬂmé@@mmmLﬂéaaéﬂuﬂﬁﬁ%muﬂu‘[mLwamm Fortified sample # 0.010 pg/L
$1an 10 91 lilnunaauUaen (False negative) waziU3euTisunan1siaszet Aflatoxin M, u
drusiusiewmaia ELISA way LC-MS/MS §1uay 10 fhees Ingldada Paired t-test wuin ns
A5I9TATIEI Aflatoxin M, Tuthusiu dremada ELISA wag LC-MS/MS Tvnadilauansneiu
AN IDER GG
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YLD
diotfuUszansawlunsiznsadese Aflatoxin M, luthusdu  mstinsiamunis
AnswiifiolilunsBususa (Confirmatory method) Femafindugs wu imadia Liquid
chromatography-tandem mass spectrometry (LC-MS/MS) waila High performance liquid
chromatography-Fluorescence detector (HPLC-FLD) folu

AnAnssuUsEnA
YovouAns Wsdnunndenu 1eduns fernensdrinnsadeununwaufuadn il
nsatuayulunsAuemy LagyAaININEANATIEUANAINULLAEHANS MguL dmuaiy
fudlelunsinnadedlidSagaadlulised

LONA1591984
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